Abstract Genetically modified organisms (GMOs) are a subject of on-going scientific, political and social discussions in Member States of the European Union (EU) concerning their use, benefits, risks, safety and limitations. EU societies have every right to substantive information and education in biotechnology, yet they appear to be misinformed by contradictory views and sensationalism. The present study investigated the level of knowledge and the attitude of citizens of Poland (n = 1021) towards the various uses of GMOs. As found, the use of GMOs in medicine and pharmacy received slight approval from the surveyed group, and was generally perceived as the greatest benefit of GMOs. In contrast, most respondents were against the production and distribution of GM food products on the Polish market or at least favoured the labelling of any product that contains a GM component. The majority of individuals who were willing to accept GM foods also demanded their labelling. The studied group revealed various concerns related to the safety of GM foods, particularly their potential effect on health and the environment. Generally, the greatest scepticism towards GMOs and GM foods was expressed by farmers, medical workers and school teachers while the greatest enthusiasm was shown by students of medical and life sciences, and researchers/academicians. Importantly, most of those taking part in the survey admitted that their knowledge of GMOs was insufficient, expressed a willingness to improve it, and expected school teachers, academicians and researchers to be actively involved in this process. In conclusion, the present study underlines the urgent need to implement evidence-based educational programmes so as to raise the public understanding of the current possibilities and limitations of GMO-based technology in Poland.
Introduction
Due to improved laboratory techniques and tools for genome sequencing, the pharmaceutical, medical and agricultural use of genetically modified organisms (GMOs) is increasingly being investigated and developed on the market as a promising technology in drug manufacturing (Walsh 2005) , highresolution diagnostics (Panteli et al. 2015) , human therapies (Jefferson et al. 2015) , disease prevention, environmental management (Marinotti et al. 2013; Alphey 2014) , bioremediation processes (Rylott et al. 2015) , and food production (Brookes and Barfoot 2015) , At the same time, GMOs and GM foods in particular raise continuous public debate as regards their safety, risks, legislation, labelling and restriction (Burke 2012; McHughen 2013) . It is beyond any doubt that GMOs are one of the most controversial technologies to appear on the market in recent decades. Consumer attitudes towards them vary across cultures and geographical regions (Chen & Li 2007) . In Europe agrobiotechnology has long had a particularly bad press (Marris 2001) and its prospects have significantly worsened over the years (Papatryfon et al., 2008) although media coverage has recently become more balanced in some regions (Moses, 2012) .
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A number of reasons have been suggested as potentially responsible for the reluctant and sceptical attitudes towards GMO-based technology, including a lack of public understanding of the science, difficulties in defining what GMOs are exactly, ethical or religious beliefs, and little or no perception of the benefits that GMOs can bring (Comstock 2002; Sturgis et al. 2005; Aerni 2013 ). The drastically contradictory views of pro and anti-GMO camps expressed in media debates have also helped to generate the general misinformation and confusion (Kuntz 2014) . Moreover, deliberate anti-GM actions driven by nongovernmental organizations have been widely publicized in recent years and undoubtedly have added to a reluctance to accept GMOs from a significant part of the general public (Paarlberg 2014) . This, in turn, has influenced political decisions, currently reflected by internal disagreement between Member States of the European Union (EU) and problems in reaching a common position towards GMOs, particularly GM crops (Lucht 2015) . This also has had an effect on public sector research funding (Fedoroff 2015) .
Considering that public opinion has a significant impact on the development and marketing of GMOs in Europe (Boccia and Sarnacchiaro 2015) , it is essential to identify current attitudes toward this biotechnology in different countries in order to understand public fears and determine potential knowledge gaps. It is also important to recognize the expectations of the public related to genetic engineering, including legislation and sources that should play a primary role in facilitating the information. This can determine future decisions of the policymakers who have to respond to both public expectations and the biotechnological industries whose product success depends on stakeholders (e.g. farmers) and customers (consumers) decisions. In accordance with the Directive (EU) 2015/412 of the European Parliament and of the Council of 11 March 2015 amending Directive 2001/18/EC, Member States of EU can decide individually whether or not to implement the cultivation of GM crops. In this matter, Poland chose to request a full opt-out for their territory in late 2015. GM foods can still be imported and distributed in Poland but require mandatory labelling (Regulation (EC) 1829/2003). These products do not dominate the market and are mostly represented by vegetable oils derived from GM seeds (Twardowski 2008) .
In an attempt to comprehensively investigate these issues, the present study evaluated current knowledge of GMOs among the Polish population, attitudes towards their use and their potential benefits, the general fears and expectations related to GM foods and views on their production and distribution as well as labelling policy. A number of earlier studies have assessed each of these issues in various other countries (Verdurme and Viaene 2003; Sturgis et al. 2005; Chen and Li 2007) . The present study has evaluated all of them at once and has made a comparison of them among groups of different demographic characteristics. Such a simultaneous comparison is of great interest to those working in the biotechnological industry, policy makers and some members of the general public, allowing identification of those who are enthusiasts or opponents of GMO technology. Furthermore, the results of the study could also be useful in developing evidence-based educational programmes designed to raise public understanding of the possibilities and limitations, risks and benefits of biotechnology.
Materials and methods

Participants and survey
As previously indicated, knowledge and general attitudes are the core elements of the hypothetical model intentions related to GMOs and GM food (Verdurme and Viaene 2003) . Therefore, the present study employed an anonymous, selfdesigned, structured questionnaire that concerned:
(i) general knowledge of GMOs -surveyed individuals explained the term BGMO^, declared their level of knowledge, indicated main sources of information, claimed whether they were willing to improve their knowledge and if positive, indicated the main entities that should participate in this process. (ii) attitude towards regulation of GM foods -surveyed individuals indicated whether GM foods could be produced and distributed in Poland, declared whether they expected GM foods to be labelled (and if yes, declared whether brief or detailed information were necessary) and evaluated whether, in their opinion, current regulations concerning GM foods in Poland were adequate or not. (iii) attitude towards safety of GM foods -surveyed individuals indicated whether they perceived GM foods as safe for human health and the environment, specified their level of concern for particular threats using a five point scale and indicated the main potential reasons for antipathy towards GM foods. The demographic characteristics of each surveyed individual were also assessed and included: age, gender, education, place of living and profession. Within the latter five main groups were separated:
(i) individuals who may potentially generate new information on GMOs and study this issue (biomedical genetics, researchers, biotechnologists); (ii) individuals who may potentially educate the general public on GMO related issues (secondary school teachers and academicians); (iii) individuals who may potentially become stakeholders (farmers and health professionals); (iv) individuals who may potentially make decisions and shape general opinion on GMOs in the near future (secondary school pupils and students).
Considering that students of various disciplines may vary in their attitude, they were divided into three groups: i) students of life sciences; ii) students of medical sciences, and iii) students of other sciences.
A questionnaire was made available online for a period of one year (April, 2014 -April, 2015 . In order to approach different professional groups, invitations to complete the questionnaire were sent to universities, secondary schools, farmers' associations and scientific societies, and were made available through social media and web portals.
Statistical analyses
The statistical analyses were performed using Statistica v.10.0 (StatSoft, Poland). Pearson's chi square test was used to compare the frequencies of the answers among the different groups. P values of <0.05 were considered statistically significant.
Results
Demographic characteristics
The demographic characteristics of the polled group are presented in Table 1 . A total of 1021 Polish citizens who completely answered the questionnaire were considered in this study. Most of the surveyed individuals were female, inhabited urban areas, and had completed their education at a tertiary level. Students, school pupils, teachers, medical workers, researchers and farmers were separated from the polled group for further comparisons ( Table 1) .
Knowledge of GMOs
Fewer than half of the studied individuals explained the term BGMO^correctly as Bgenetically modified organisms^. A relatively high percentage of those surveyed related it exclusively to Bgenetically modified food^. Over 20 % were unable to provide any definition of this term (Table 2) . Among other answers were responses such as Bunnatural food^, Bfood production company^, Bsomething dangerous inside the eggsô r Blaboratory monsters^. The correct definition was provided by individuals with a mean (±SD) age of 30.7 (±12.8) years. It was given more frequently by citizens of urban areas >200, 000 residents (54.2 %) than smaller urban areas (50,000-20, 000 residents -39.3 %; <50,000 residents -45.1 %; rural -43.1 %), and more often by individuals with tertiary education (51.2 %) than those with vocational (5.2 %), secondary (41.0 %) and primary levels (42.9 %). Significant differences in this regard were also found among professional groupsthe correct answer was most often indicated by students of life sciences and researchers/academicians and least by farmers and school teachers (Tab. 2). Most respondents (53.1 %) declared that they had insufficient knowledge of GMOs. The greatest frequency of such declarations was found among school teachers (53.5 %), medical students (53.0 %), students of other sciences than life and medical (51.0 %) and school pupils (48.3 %) with the lowest among researchers/academicians (27.3 %) and farmers (28.2 %). It was also significantly (p < 0.001) higher among citizens of smaller urban (<50,000 residents -47.1 %; 50,000-200,000 residents -50.2 %) and rural areas (48.2 %) than among individuals living in areas >200,000 residents (37.5 %).
Importantly, 78 % of polled individuals expressed a willingness to improve their knowledge of GMOs. Internet, TV and the press were indicated as representing the main source of information on GMOs for the studied group. However, 79.9 % admitted, in their opinion, issues related to GMOs were being insufficiently discussed in the media. Over half of the surveyed group (61.5 %) admitted that GMOs were a subject of political debate in Poland but its substantive level was mostly (77.2 %) rated as low. Over 40 % of respondents indicated that they would like to gain more information on GMOs from academicians or school teachers, and scientific literature (Fig. 1) .
Attitude towards GM food regulation
Most respondents (60.2 %) were decidedly against the production and distribution of GM foods in Poland while 21.0 % had no opinion in this regard. Education had no effect on this attitude. The rural population was significantly more often opposed to GM foods (67.6 %) than populations of urban areas (58.8 %). The greatest unwillingness was revealed by medical workers, farmers and school teachers (Fig. 2) .
The vast majority of the studied group (91.9 %) demanded that GM food products must be labelled, with 52.0 % among them expecting detailed information to be printed on the product package. Nearly all opponents of production and distribution of GM foods in Poland (99.5 %) anticipated labelling but also a high proportion of those approving these products demanded it (83.5 %). In the opinion of over half of the respondents (57.8 %) the current law regulating GMOs in Poland was not sufficient for consumer safety and should be improved while only 10.7 % declared that it was adequate.
Attitude towards safety of GM foods
Generally the studied group viewed GM foods as unsafe for humans (61.1 %) and the environment (64.7 %). Place of living and education had no significant effect on these attitudes (p > 0.05). This reluctant attitude was, however, expressed with the greatest frequency by farmers (72.0 and 78.2 %, respectively), medical workers (78.8 and 77.0 %, respectively) and school teachers (68 % in both cases). Students of life and medical sciences (42.5 and 33.3 %, respectively), and researchers/academicians (34.5 %) were the most prevalent groups to consider them as safe. The vast majority of those polled admitted to being afraid of GM foods (82.2 %) and perceived them as less healthy than traditional ones (67.7 %). The greatest fears associated with GM foods included cancer development, allergy and threat to native biota (Table 3) . For each concern considered in this study the The respondents defined the probable reasons behind antipathy towards GM foods. Most often answers included their potential threat to human health (63.3 %) and the environment (54.1 %), and a low level of knowledge with regard to genetic engineering (57.0 %). Other reasons included the effect of anti-GMO campaigns (33.1 %), religious and cultural boundaries (15.0 %) and lack of social progressiveness (14.2 %).
Attitude towards GMO benefits
The main identified benefits of GM food production by the surveyed group included elimination of hunger and a decrease of product prices although a relatively high proportion (one-third) did not perceive any benefits from their use (Fig. 3a) . The greatest frequency of this last response was indicated by medical workers (57.7 %) and farmers (56.2 %). Importantly, nearly 50 % of those surveyed supported the medical use of GMOs in the production of drugs/vaccines or life-saving procedures. Over one third of studied individuals, however, did not support any use of GMOs ( Fig. 3b ) with medical workers and farmers being once again the most sceptical (57.7 and 46.9 %, respectively). Vecchione et al. 2015) . According to the recent Eurobarometer survey, the worry level on GMOs in food Fig. 3 Opinion of studied individuals on potential benefits of GM foods (a) and use of GMOs they are willing to accept (b) in the EU has generally increased since 2005 and varied from nearly 50 % in Ireland up to over 80 % in Lithuania and Greece, with a mean worry level of 66 % for all Member States. In Poland it was as high as 77 % with GMOs being perceived as a greater risk for respondents than microbial food contamination, allergic reactions to food and suffering from diet-related diseases (European Commission 2010; EFSA 2010). The present study, which compared attitudes in groups of different demographical characteristics, also highlighted a high degree of scepticism towards GMOs (and GM foods in particular) among Poles but there remained a need to further recognize exact public fears and expectations and potential reasons behind such a great frequency of reluctance to accept GMOs. The surveyed group of Poles may be undereducated as regards GMOs and expressed various fears related to their impact on health and the environment. However, the responses revealed a will to gain and improve knowledge, expressed a demand for reliable and accurate information on the risks and safety of GMOs as well as the benefits, and required the labelling of products containing GM ingredients. These observations are of some importance for future management strategies and GM food policies in Poland, which is currently considered the sixth largest economy in the EU and the most important market in Central Europe (Orenstein 2014) . The findings of the present study may be important in setting educational standards in Poland and providing access to substantive, well-balanced information on biotechnological processes and final products. As previously shown, the attitude towards GMOs is a key driver in perceiving its risks and benefits. It can be modified through increasing trust in institutions and researchers (Rodríguez-Entrena and Salazar-Ordóñez 2013), a process which requires the accurate communication of science to mass-media so as to avoid Bmedia hype^ (Carsten and Illman 2002; Bubela and Caulfield 2004) . Because TV, Internet and the press were indicated by the respondents as primary sources of knowledge for GMOs, ideally, all possible mass media should be involved in communication of science to the general public. This may, however, be challenging as these media are often dominated by sensationalism (Ransohoff and Ransohoff, 2001) . Importantly, the surveyed individuals also anticipated information from scientific literature. This can be achieved, inter alia, by increasing the rate of peer-review papers published in the Open Access (OA) mode. Through valuable free, full-text, online resources, OA greatly expands the possibility of instantly and accurately communicating science to the general public and contributes to the avoidance of media misunderstandings and hypes. The present study also indicates an emerging need to raise the role of academicians and school teachers in the public understanding of GMO risks and benefits. Achieving this goal requires a modification of educational programmes to increase biotechnology-related content. It may also involve a need to conduct additional training of school teachers -a group which in the present study was characterized by a low frequency of correct definitions of the term GMO and revealed a high degree of scepticism towards biotechnology. One example of such intersectional training was developed in 2004 by UNESCO (known as BGMO Teaching Kit^) and was aimed to empower secondary school teachers to educate and communicate developments and the potential uses and risks of new technological advances, as illustrated by genetic engineering and specifically the use of GMOs (UNESCO 2004). Even though GMOs may still remain controversial to some, every effort should be made to ensure that public opinion is being formed upon evidence-based, well-balanced information rather than hysterical and, to some extent, populist views and debates.
The studied group exhibited general scepticism towards GM foods and expressed various fears related to their use. Farmers, medical workers and school teachers were identified as professions highly reluctant to accept this technology. As stakeholders or educators, these groups are in turn very important in the implementation of GM foods on the market and raising customer acceptance of these products. Therefore there may be great difficulty for the biotechnological industry in overcoming this strong public opposition to their products in Poland.
It should also be highlighted that, in the present study, over 50 % of polled Polish researchers were against the production and distribution of GM foods, contrary to the US where scientists largely consider these products as safe (Pew Research Center 2015) . As concluded by the European Commission in 2010 upon evaluation of more than 130 research projects from a period of over 25 years, involving more than 500 independent scientific teams, GM food production cannot be considered more hazardous than conventional plant breeding technologies (European Commission 2010). Recent years have, however, witnessed a number of controversies among which was the highly publicized study by Séralini et al. (2014) reporting that herbicide resistant GM corn and associated herbicide can lead to long-term toxic effects in rats including tumour formations. The study was first retracted by the Editor-in-Chief of Food and Chemical Toxicology, then republished in the journal Environmental Sciences Europe, and eventually divided the scientific environment into critics and those demanding further studies (Loening 2015; Resnik 2015) . It also received heavy media coverage which may, at least partially, be responsible for the public fear that GM foods can cause cancer notwithstanding the results of previous shorttem toxicity studies (DeRosier 2015) . In the present investigation, cancer development along with allergy were pointed out as the most serious health threat related to GM foods. As recently demonstrated, some scientists hesitate as regards the final conclusion on GMO safety, citing the scarcity and contradictory nature of the scientific evidence published to date (Hilbeck et al. 2015; Krimsky 2015) . It is therefore unlikely that the general public will develop an unequivocal opinion under their influence.
However, it is worth noting that the medical and pharmaceutical use of GMOs does not cause such controversies and a relatively high proportion of individuals enrolled in the present study perceived potential benefits in adopting GMOs in drugs and vaccine production or lifesaving medical procedures. These differences in public perception of GM foods and medicines may potentially arise from ethical reasons, more obvious benefits and differences in production -production of GM foods includes the deliberate release of a GMO to the environment whereas implementation of GMOs for medical use does not. As shown in a Malaysian study, GM insulin was perceived as having more benefits and was more decidedly supported by the general public than GM soybean (Amin et al. 2013) .
The present study also demonstrated that the vast majority of Poles demand that food products containing GM ingredients are labelled. In the EU due to the precautionary principle, all products that contain at least 0.9 % of GM ingredients should be labelled as containing GMOs or GM ingredients according to European Directive 2001/18 and Regulation 1829/2003. Labelling of GMO products undoubtedly assists consumers in making informed purchase decisions, supports customer autonomy (Vecchione et al. 2015) and has been mandatory so far in 64 countries. In the US, despite the majority of the public favouring a labelling policy (Hallman et al. 2013) , it is mostly unimplemented and widely criticised due to the costs it may generate and fears that it may be constructed as a reason for caution. It is often suggested that most pro-label individuals would avoid buying GM food (Kling 2014 ) but this is not supported by our results in which a high proportion of those demanding labelling approved the production and distribution of GM products in Poland. Some others have suggested that consumers aiming to avoid GM foods already have plenty of choices, the purchasing of premium-priced Borganic food products^being a major one. Apart from the fact that these products cannot be afforded by a relatively high proportion of customers (Kling 2014) , it was recently reported that Borganic foods^are often chosen based on a false perception of comparative product safety, nutrition and pro-health attributes (Academics Reviews Report 2014). Consumers have the right to be informed of the origin of products being distributed on the market and it could even be hypothesized that labelling GM products may in fact play a role in increasing the general acceptance of it in the long-term if this were accompanied by focused consumer education (AMA 2012) . This issue would, however, require further studies. Importantly in the present study, a significant number of respondents also demanded detailed information on GM products. Although it was not specified what details were expected, it is likely that information on the type of genetic modification applied to obtain a product's ingredients (e.g. herbicide-resistant or Bt toxin) may be anticipated. Such labelling may additionally help customers in understanding the process of production and the variety of genetic modification used by the biotechnological industry. It is also plausible that some customers may accept some types of GMObased technologies in the food industry while they reject others.
Although some European nations were interested in the establishment of a common label within the EU for certified GMfree products (Tsourgiannis et al. 2011) , it was suggested that such a BGM-free' label could bring about a negative impact perception of GM food products by implicating indirectly that they are the ones to be avoided (Maghari and Ardekani 2011) .
The limitations of the present study should be stressed. Firstly, the research aimed to reach as many individuals as possible and their total number exceeded 1000, but over 75 % of the surveyed group was restricted to students, school pupils, medical workers, researchers/academicians, school teachers and farmers. Despite the fact that this enabled a comparison between groups possibly involved in shaping the perception of GMOs and GM foods by the general public, it is unclear to what extent the surveyed group represents the general Polish population which currently exceeds 38.5 million. Moreover, the final sample size of some groups (e.g. farmers; n = 40) was relatively low and even though their sceptical attitude towards any use of GMOs was expressed, a more farmer-targeted study may be required to fully elucidate how negative the perception of GMOs in fact is. Finally, the data were partially obtained using an online questionnaire which does not fully exclude the possibility of the surveyed to compare his/her information with that circulating in the Internet (e.g. as regards a question what BGMO^stands for).
In summary, the present study represents the most comprehensive and recent research on attitudes toward GMOs and particularly GM foods in a Central-European country. As demonstrated, Polish society links GMOs mostly with food production, disapproves of GM foods and demands their detailed labelling. The level of concern associated with the health and environmental safety of GM foods was relatively high within the polled group. Greatest scepticism was revealed by groups potentially involved in the application of GM products (farmers and medical workers) and in education (school teachers). Importantly, the respondents demanded the provision of substantive information on GMOs, expressed a will to improve their knowledge of them and recognised the significant need for teachers, academicians and scientific literature to participate in promoting and conveying it. Altogether, the results of this study underline feelings of aversion towards GMOs in Poland. They also highlight the urgent need to implement evidence-based educational programmes in this country to raise public understanding of the current possibilities and limitations of GMOs.
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